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INTRODUCTION SECTION 1

SECTION 1

INTRODUCTION

This report has been prepared for the proposed AVEP Solar Project, consisting of Tumbleweed
Solar, Rabbitbrush Solar, and Chaparral Solar, located in unincorporated Kern County, north of
Highway 138 and west of the community of Rosamond. This report provides a preliminary
hydrology and hydraulic study for the AVEP Solar Project sites and has been prepared in
accordance with the Kern County Hydrology Manual.

1.1 Purpose
The purpose of this report is to provide a preliminary evaluation of the flood hazards for the

project sites for use in project permitting. Components of this evaluation include:

X Hydrologic analysis
X Hydraulic analysis

1.2 Existing Studies
The following studies are relevant to this report:

x Geotechnical Services (Updated Report), Rosamond Solar Project, Earth Systems
Southwest, January 26, 2017.

x Geotechnical Engineering Report, Willow Springs Solar Project, Terracon Consultants,
Inc., March 17, 2017.

x Improved Highway Design Methods for Desert Storms. Final Report No. CAQ7-0592.
Caltrans Division of Research and Innovation. August 2007.

X Flood Insurance Study, Kern County California (06029C3650E). Federal Emergency
Management Agency (FEMA). September 26, 2008.

X Flood Insurance Study, Kern County California (06029C3975E). Federal Emergency
Management Agency (FEMA). September 26, 2008.

X Flood Insurance Study, Kern County California (06029C4000E). Federal Emergency
Management Agency (FEMA). September 26, 2008.

1.3 General Site Description

The project is approximately 5.5 miles North of Highway 138 and approximately 9 miles west of
the community of Rosamond, with three separate project sites —Tumbleweed Solar, Rabbitbrush
Solar, and Chaparral Solar.

The approximate 684 acre Tumbleweed Solar site is generally bordered by West Avenue A to
the south, 100" Street West to the east, Willow Ave to the north and 117™ Street West to the
west. The site consists of agricultural land.

AVEP SOLAR PROJECT PRELIMINARY DRAINAGE STUDY PAGE 1
October 11, 2019



INTRODUCTION SECTION 1

The approximate 626 acre Rabbitbrush Solar site is generally bordered by Rosamond
Boulevard to the south, 115% Street West to the east, Hamilton Road to the north and 130"
Street West to the west. The site consists of recently fallowed agricultural land and
undeveloped land.

The approximate759 acre Chaparral Solar site is generally bordered by Rosamond Blvd to the
south, 100t Street West to the east, Hamilton Road to the north and 110™ Street West to the
west. The site consists of recently fallowed agricultural land and undeveloped land.

Land uses in the AVEP project vicinity include a mix of undeveloped land, agriculture, scattered
low-density residential, and other utility scale solar projects.

Figure 1-1: AVEP Solar Project Sites Map
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FEMA Floodplain

The Federal Emergency Management Agency (FEMA) has mapped flood zones within the
project sites. The applicable Flood Insurance Rate Maps (FIRM) are Community Panel
Numbers 06029C3650E, 06029C3975E, and 06029C4000E, all dated September 26, 2008.
The entirety of all three sites are shown to be situated within a mapped Zone A (100-year) flood
hazard area. The relevant FIRM maps are attached in Appendix B.

1.4  Study Limits
The study area for each of the three sites includes the project site and offsite contributing

watershed. The offsite watershed for each site extends approximately 15 miles northwest of the
project site into the Tehachapi Mountains. The hydrologic and hydraulic analysis of the study
area for each site is comprised of three separate models using two computer programs: CivilD
for hydrology, and FLO-2D for both hydrology and hydraulics. The following is a description of
the three models for each site and their purpose for the overall analysis. Refer to Appendix B
for an exhibit of the model boundaries for each site.

x Upstream Watershed CivilD model: Quantify runoff from the upstream sub-watersheds
and provide inflow hydrographs to the Offsite FLO-2D model.

x Offsite FLO-2D model: Translate inflow hydrographs from CivilD to depth and velocity of
flow across the floodplain upstream of each of the project sites. Provide inflow
hydrographs to Onsite FLO-2D model.

x Onsite FLO-2D model: Provide depth and velocity of flow on each of the project sites
and adjacent areas.

1.5 Proposed Site Improvements
The proposed project is three solar photovoltaic (PV) generation facilities with a total developed

area of approximately 2,069 acres. Improvements proposed for the project consist of solar
module arrays installed on driven piers, related electrical collectors, inverters, and transformers,
underground connective conduit utility installation, PV interconnection switch gear, three
electrical collection systems, Energy Storage Systems (ESS), a 230 kilovolt (kV) generation
power tie (gen-tie) line, up to three operation and maintenance (O&M) facilities, a substation or
modifications to an existing substation, security fencing, internal access roads constructed of
compacted native soils, and aggregate base perimeter roads.
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SECTION 2

HYDROLOGY

2.1 Watershed Characteristics

This section provides a description of hydrological characteristics of each of the sites and their
overall watersheds.

Site Investigation

Wallace Group conducted a site review and investigation for each of the three sites on June 5%,
2017 to confirm our in-office analysis and develop a better understanding of regional drainage
and existing site conditions.

Project Site Topography

The majority of all three project sites and their surrounding areas are relatively flat, with average
ground slopes between 0.1 and 1.5 percent from northwest to southeast. Chaparral and
Rabbitbrush each have portions of the site that are characterized by steeper slopes and rolling
topography. Site drainage is characterized by shallow sheet flow conditions, with significant
well-defined channels in the steeper, more rolling areas of the Chaparral and Rabbitbrush sites.
In these bands of steeper terrain, slopes are 2 to 9 percent, with well-defined channel depths up
to 20 feet deep. These bands of steeper terrain are shown in Appendix B. All of these channels
disperse back to into sheet flow conditions on each of the project sites. Small berms were built
up on the Tumbleweed site as a part of prior farming operations. These berms are intended to
be left in place where they are outside of the proposed limits of construction.

Regional Watershed

Each project site is downstream of a large watershed characterized by steep upper canyons
transitioning to sheet flow and shallow channelized flow through alluvial fans spreading across
the Antelope Valley. Cottonwood Creek is a significant ephemeral drainage located northwest
of the project. Multiple washes and ephemeral streams join together in Cottonwood Creek,
which flows south and east across the study area. Additionally, Oak Creek is a significant
ephemeral drainage located northeast of the project. Multiple washes and ephemeral streams
join together in Oak Creek, which flow south across the study area. The project site and offsite
watershed are tributary to Rosamond Dry Lake. Refer to Appendix B for maps of each site and
watersheds.

Sails

Based on the geotechnical investigation for the nearby Rosamond and Willow Springs Solar
Projects, soils on the project site are likely silty sands and sandy silts. On each of the three
sites, most soils are classified by the National Resource Conservation Service (NRCS) as
Hydrologic Soil Groups (HSG) A and B, with some areas of HSG C and D.
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HYDROLOGY SECTION 2

Based on NRCS soil mapping, offsite soils consist largely of loam, loamy sand, and sandy loam,
with some pockets of rock escarpment, sands, gravelly sands, and various complexes. In the
lower floodplain area of the offsite watershed, these soils are mostly HSG A. In the upper
reaches, they range from A to D, with A through C representing the majority of the area in
approximately equal proportions.

A map of NRCS soil types is included in Appendix B.

2.2 Methodology

Hydrology for the upstream sub-watersheds was analyzed using the Kern County Hydrology
Manual (KCHM) hydrograph procedure, with the computer program CivilD by Civil Design
Corporation. Model inputs and parameters were based on the KCHM. The following is a
summary of the model inputs. Details of the hydrologic analysis are provided in Appendix D.

x Watershed Delineation: The overall upstream watershed was delineated and then broken
down into multiple sub-watersheds using USGS topographic data.

X Curve Number (CN): Curve numbers were applied based on NRCS soil data and KCHM
recommendations.

x Lag Time: Lag time was calculated based on the KCHM method for large watersheds.

x Rainfall Depth: NOAA Atlas 14 values were used to calculate average rainfall for each
sub-watershed.

x Depth-Area Reduction Factor (DARF): Rainfall was reduced by a DARF based on sub-
watershed size, per the KCHM.

x Rainfall Distribution and Transformation: The KCHM Critical Storm distribution and Desert
Area S-Curves were used to create the synthetic hydrograph.

2.3 References for Peak Flow Rates
Three sources for peak flow rates in the project area were referenced for comparison to the

hydrology analysis: FEMA, Caltrans, and the KCHM Regression Equations.

FEMA Flow Rates

Wallace Group reviewed the Flood Insurance Study (FIS) prepared by FEMA for Kern County.
The FIS for Kern County did not include peak flow rates for any creeks or washes near the
project, and was therefore not used as a peak flow reference.

Caltrans

Through recent research Caltrans has developed regression equations for calculation of peak
runoff in un-gaged watersheds, dependent on location within California. These equations are
intended to supersede prior regression equations developed by USGS. The Caltrans
recommended equation for the project area (Colorado Desert) is as follows:

Q100 = 557.31 x A0-6619

AVEP SOLAR PROJECT PRELIMINARY DRAINAGE STUDY PAGE 5
October 11, 2019



HYDROLOGY SECTION 2

Where A is in units of square miles and Q is peak flow for the 100-year storm event in units of
cubic feet per second (cfs).

Kern County Hydrology Manual

Kern County has developed regression equations for calculation of peak runoff in un-gaged
watersheds, dependent on location in Kern County. The Kern County recommend equation for
the project area - South Lahonton-Colorado Desert Region (Antelope Valley Sub-Region) - is as
follows:

QlOO = 297 x A065

Where A is in units of square miles and Q is peak flow for the 100-year storm event in units of
cubic feet per second (cfs).

2.4 Peak Flow Results
A summary of peak flows is provided in Table 2-1 below.

TABLE 2-1
100-Year, 24-Hour Peak Flows (cfs)
Source
Watershed Caltrans Regression Kern County CiviIDesign Analy_sis,
. Hydrology Manual Varying Calculation
Equations Regression Equations Time Step
0 479 256 415
1 6,303 3,275 3,772
2 2,616 1,372 1,850
3 2,019 1,062 1,160
4 2,455 1,288 1,620
5 1,561 823 1,050
6 1,200 635 705
7 1,904 1,002 1,060
8 900 477 810
9 676 360 607
10 1,369 723 788
11 1,274 673 855
12 2,242 1,178 1,444
13 6,025 3,132 3,630

As shown in Table 2-1, the peak flow rates calculated using CivilDesign generally fall between
the Caltrans Regression Equations and the KCHM Regression Equations. These results are
based on a calculation time-step varying between 5 minutes and 15 minutes, depending on
watershed size and calculated lag time. The KCHM recommends a calculation time step
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HYDROLOGY SECTION 2

between 15 and 25 percent of lag time, or a 5-minute time step where feasible. Wallace Group
chose to take a conservative approach and run all the CivilD models with a 5-mintue timestep
for use in the FLO-2D models. In some watersheds this significantly increases the values of
peak flow, however the peaks last for such a short duration that the total volume flowing across
the site does not increase substantially (5 to 8% volume increase over the 48-hour runoff
hydrograph). Given the long travel time from the upstream end of the watershed to the project
site, and the sheet flow flooding conditions, volume is assumed to have a greater effect on
maximum flow depth compared to peak flow at the upper watershed boundary. The results of
the modified analysis with a 5-minute time step are summarized in Table 2-2. Table 2-3
identifies which watersheds are tributary to each of the three separate solar sites. The complete
CivilD output is included in Appendix D.

TABLE 2-2
100-Year, 24-Hour Peak Flows for FLO-2D Model (cfs)
watershec e e o

0 415

1 8,925
2 4,700
3 2,820
4 3,520
5 2,130
6 1,470
7 1,470
8 810

9 607

10 1,569
11 1,660
12 2,548
13 8,232
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TABLE 2-3
Offsite Watersheds Tributary to Project Site
Watershed |Tumbleweed Rabbitbrush  |[Chaparral
0 X X X
1 X X X
2 X X X
3 X X X
4 X X X
5 X X X
6 X X X
7 X X X
8 X
9 X
10 X
11 X
12 X
13 X
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SECTION 3

HYDRAULICS

The purpose of the hydraulic analysis is to determine the distribution of storm runoff within each
of the project sites and to evaluate any impacts to the site or its neighbors.

3.1 Methodology
Due to the spreading flow through the each of the sites, it was determined that a two-

dimensional analysis of each site would provide the most accurate depiction of flow through
each site. FLO-2D software was used for this purpose. FLO-2D is a volume conservation
model that is effective for analyzing alluvial fan flooding as it will determine flow paths to 8
different directions, instead of the one-dimensional flow assumption considered for conventional
analysis of uniform and confined channels. FLO-2D has been approved by FEMA as a
hydraulic model for unconfined flood analysis.

The unconfined portion of the watershed for each site was divided into two FLO-2D models, an
offsite (upstream) model and an onsite (downstream) model. The offsite model for each site
was divided into 200 foot grids over approximately 27,860 acres (43.5 square miles) for the
Tumbleweed site, 16,500 acres (25.8 square miles) for the Rabbitbrush site, and 31,930 acres
(49.9 square miles) for the Chaparral site. The onsite model was divided into 25 foot grids over
approximately 5,810 acres (9 square miles) for the Tumbleweed site, 2,970 acres (4.6 square
miles) for the Rabbitbrush site, and 7,060 (11.0 square miles) for the Chaparral site.

FLO-2D Topography

The modeled surface for the Tumbleweed and Rabbitbrush sites was developed from a digital
terrain model purchased from Intermap Technologies Inc. with a stated 5-meter grid resolution
and 1-meter vertical accuracy. The modeled surface for the Chaparral site was developed from
a USGS DEM data with a stated 10-meter grid resolution and a 2-meter vertical accuracy.

FLO-2D Hydrology

The FLO-2D model was also used to analyze hydrology for the rainfall that would occur over the
FLO-2D model area. Rainfall was modeled across each of the project sites using the KCHM
storm distribution. Infiltration was modeled using the NRCS method and CN values consistent
with the KCHM. Results of the offsite hydrologic analysis (CivilD program) were input along the
FLO-2D model boundaries as hydrographs.

Proposed conditions models were not developed as a part of this analysis. No changes in sub-
watershed boundaries are proposed and the project will result in negligible impervious cover.
Therefore, the hydrologic analysis parameters are the same for existing and proposed site
conditions, and post-development peak flow rates on the project site are assumed to mimic
existing conditions.
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3.2  Site Investigation
During our site investigation, Wallace Group reviewed the visible surface flow characteristics of

each site and searched for evidence of existing general and local scour patterns.

Both the Rabbitbrush and Chaparral sites include bands of steeper terrain of a rocky soil type
which concentrates flow into deep channels with laid-back banks and a flat bed with little or no
headcutting. A typical channel of this type is shown in Figure 3-1, with typical depth ranging
from 4 feet to over 10 feet.

Figure 3-1: Channel NE of 110 " St West and Avenue of the Stars

In some locations, these channels concentrate enough flow to create vertical banks on the
outside wall of the channel up to 10 feet deep. A channel with this pattern is shown in Figure 3-
2.

Both types of channels disperse into sheet flow on the sites, and once sheet flow conditions are
re-established there was minimal evidence of scour or deposition. Based on the steep
surrounding terrain and minimal evidence of active erosion/deposition, these channels appear to
be stable in their alignment.
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Figure 3-2: Scour NE of 110 ' St West and Avenue of the Stars

Our investigation of scour patterns showed that within the project vicinity stormwater typically
flows across undisturbed sites with minimal scour or deposition. Figure 3-3 shows typical
undisturbed sheet flow conditions. This photo was taken downstream of Cottonwood Creek,

which is the largest drainage in the study area.

Figure 3-3: Typical Existing Erosion Patterns
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In areas where runoff is concentrated by man-made features such as roads we observed
erosion head-cuts varying in depth from one to two feet, as seen at Rosamond Boulevard and
2" Avenue intersection (Figure 3-4).

Figure 3-4: Scour at Rosamond Boulevard and 2 "¢ Avenue

Our investigation showed negligible local scour at existing power poles and fence posts. We did
not observe any evidence of deposition.

3.3 Project Site Hydraulics
The 100-year, 24-hour storm event was modeled to provide a range of flow depths and

velocities that may occur on the project site. Exhibits in Appendix A show the spread and
maximum depth of each model run for each site.

The FLO-2D models include the following scenarios:

TABLE 3-1: FLO-2D Models

MODEL DESCRIPTION

100 Year Event
Existing Conditions 100 year peak flows, existing topography.
Onsite

100 Year Event
Existing Conditions 100 year peak flows, existing topography.
Offsite
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Modeling of Defined Channels

For floodplain models with defined flow paths and channels such as the Rabbitbrush and
Chaparral sites, coarser topography will in general result in shallower, slower flow that is spread
out in wider flow paths. More refined topography will better represent the flow paths and result in
deeper, faster flow that is more confined. The most accurate method for modeling a channel
within FLO-2D is to include channel cross sections in the model. This type of modeling is not
always warranted but should be evaluated on a case by case basis. Modeling of channels
should be considered during final design if the configuration of solar arrays includes panels,
roads, or other improvements in the vicinity of defined channels or in the bands of steeper
terrain. Existing defined channels were not included in the FLO-2D model for this preliminary
level study. The results of the model, coupled with our field investigation, provide a reasonable
representation of flood hazard for the purposes of site planning and environmental review.

Model Results

For Tumbleweed Solar, the results of the analysis show that runoff over the site is generally
shallow sheet flow, with depths below 18 inches and velocity below 3 feet per second. In some
areas where runoff ponds against existing berms depths range up to 3 feet.

For Rabbitbrush Solar, the results of the analysis show that over the flatter portions of the site
flow depths are typically below 9 inches and velocities are typically below 2 feet per second.
The model results also show that within defined channels and in the bands of steeper terrain
flow depth varies from 9 inches to 4 feet, and velocity varies between 2 and 6 feet per second.
Based on our site investigation, flow in the defined channels on the Rabbitbrush site could reach
depths in excess of 8 feet, with depth and velocity expected to exceed those shown in the FLO-
2D results.

For Chaparral Solar, the results of the analysis show that over the flatter portions of the site flow
depths are typically below 18 inches and velocities are typically below 2 feet per second. The
model results also show that within defined channels and in the bands of steeper terrain flow
depth varies from 18 inches to 3 feet, and velocity varies between 2 and 15 feet per second.
Based on our site investigation, flow in the defined channels on the Chaparral site could reach
depths in excess of 10 feet, with depth and velocity expected to exceed those shown in the
FLO-2D results.

It is important to note that the modeled flow across the site represents existing topographic
conditions upstream of the project. Upstream unimproved channels could move and shift over
time, which may also change the locations of stormwater flow on each of the project sites.
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SECTION 4

RISK MANAGEMENT

4.1 Risk Factors

At all three AVEP Solar sites, larger storm events will likely result in erosion and the need for
repairs and maintenance. This potential is greater during less frequent storm events, during
which erosion could be significant. Larger storms have increased depth and velocity of flow.

Risks during storms include:

General scour or deposition (long term lowering or raising of the surface)
Pier scour

Redirected flow paths

Erosion or blockages at fences

Flash flooding

X X X X X

4.2  Scour

Two types of potential scour that may occur at the AVEP Solar sites are general scour and local
(pier) scour. General scour is the long term lowering of the ground surface due to sediment
transport, and pier scour is the localized condition that can occur at the support posts for the
solar arrays. Local scour and general scour are considered additive. Scour depths were not
evaluated as a part of this report, but are anticipated to be evaluated and considered as a part
of final engineering design.

4.3 Freeboard

Solar arrays will have a minimum of one-foot of freeboard above 100-year water surface
elevation, in accordance with Kern County design standards. PCS structures will also have a
minimum of one-foot of freeboard, achieved by grading elevated pads or constructing raised
foundations for each structure.

4.4  Erosion Risk Management

This desert environment is one in which erosion and deposition naturally occurs from both rain
and wind. This can be expected to occur on the project sites, and the associated maintenance
must also be expected. However, with the ground disturbance that results from the construction
process, the erosion potential is increased during and immediately following construction. The
selection of erosion control measures depends on many factors, and will be determined by the
project team as a part of final engineering design.

Potential for erosion is also increased when flows are concentrated. To minimize this risk, we
recommend that site grading is designed to maintain sheet flow conditions. However, even with
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sheet flow conditions shallow flow paths could form over time, leading to more concentrated
flow. The existing erosion area along 2" Avenue (Figure 3-4) is a good example of the type of
erosion that could occur if flows become concentrated. We recommend that the developed site
be inspected following rain events and areas of erosion or concentrated flow be repaired as
necessary. If onsite erosion becomes an issue during the life of the project, erosion areas could
be filled with angular rock to help armor the soil surface.

4.5 Watershed Dynamics
The FLO-2D analysis presented in this report is based on the current topographic conditions of

the watershed, and assumes static conditions (e.g. no scour or deposition).

The drainage channels upstream from the site are characterized by shallow depths with
meandering and braided alignments. Channels of this type can have a tendency to shift
location or direction of flow over time. Realignments can occur from sediment deposition,
channel scour, or both. Due to this dynamic nature of the watershed, flow paths across each
site may also form or change throughout the life of the project.

There are well defined drainage channels on the Rabbitbrush and Chaparral sites, though site
drainage is predominantly characterized by shallow sheet flow conditions. The areas of
channelized flow primarily appear to be deep, stable channels that formed in steeper portions of
the site, and disperse to shallow sheet flow when land slopes decrease. There are also defined
channels within the flatter portions of the site that have a higher risk of shifting alignment.

Based on the results of the FLO-2D analysis, solar development within the defined channels
and in the steeper bands of terrain would have much higher risk of erosion due to the higher
flow depths and velocities. During final design, we recommend that these areas be avoided if
possible, and if not avoided that channel modeling be performed to define the depths and
velocities more precisely and to determine necessary protective measures.

There are no visible channels on the Tumbleweed site. It is possible that prior storms created
shallow channelized flow paths on the site that were subsequently graded as part of the prior
farming operations.

The sites may undergo many years with little to no erosion, dependent on weather conditions.
However, it is reasonable to assume that a thunderstorm and/or flash flood could result in
erosion channels forming through flood paths.

We observed during our site investigation that many of the unpaved roads in the project vicinity
are lower in elevation than the adjacent parcels. These lower roads will have a tendency to
concentrate and redirect flow upstream the project site. These roads may route runoff from
smaller storms around the project site, but are anticipated to overtop during larger storm events.
Offsite grading of existing roads or grading new roads upstream of the project could alter the
path of stormwater flowing to the project site.

AVEP SOLAR PROJECT PRELIMINARY DRAINAGE STUDY PAGE 15
October 11, 2019



RISK MANAGEMENT SECTION 4

4.6 Fence Maintenance
Fencing installed in the path of stormwater flow will likely accumulate sediment, vegetation, and

debris over time. However, since upstream drainage patterns may change over time it is not
possible to determine location of flow over the life-span of the project, and some sediment
accumulation is unavoidable. We recommend a maintenance program to clear site fencing on a
regular basis and prior to predicted storm events. Maintenance considerations should also
include property rights and access to both sides of the fencing.

4.7 Flash Flooding

The proposed project site is located in a region with potential for flash flooding. If a flash flood
does occur due to upstream rainfall, the site could experience stormwater flow even if it is not
raining onsite. It is recommended that a standard protocol be developed for contacting
personnel responsible for onsite operations and maintenance in the case that flash flooding
conditions are predicted.
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SECTION 5

SUMMARY AND CONCLUSIONS

5.1 Existing Site Conditions
The area of the AVEP solar project consists of relatively flat land, with some areas of steeper

slopes and rolling topography on the Rabbitbrush and Chaparral sites. Site drainage is primarily
shallow sheet flow, with some well-defined channels in the steeper terrain. Regional
watersheds draining to each of the three sites are large and characterized by steep upper
canyons transitioning to sheet flow and shallow concentrated flow through alluvial fans
spreading across the Antelope Valley. Multiple significant ephemeral drainages cross the study
area, most notably Cottonwood Creek and Oak Creek. All three sites are tributary to Rosamond
Dry Lake. Soils on the three sites are primary NRCS HSG A and B, with some areas of HSG C
and D. Generally, the soils on the project site are loam, loamy sand, and sandy loam.

5.2 Proposed Improvements

The proposed project is three solar photovoltaic (PV) generation facilities with a total developed
area of approximately 2069 acres, including all the facilities necessary for those facilities (solar
modules, roads, substations, transmission systems, etc.).

5.3 Analysis Methods

Wallace Group prepared a hydrologic and hydraulic analysis of the project sites and upstream
watersheds. Three models were developed for each site to analyze flow depths and velocities
in existing conditions. Those three models and their purposes are as follows:

x Upstream Watershed CivilD model: Quantify runoff from the upstream sub-watersheds
and provide inflow hydrographs to the Offsite FLO-2D model.

x Offsite FLO-2D model: Translate inflow hydrographs from CivilD to depth and velocity of
flow across the floodplain upstream of each of the project sites. Provide inflow
hydrographs to Onsite FLO-2D model.

x Onsite FLO-2D model: Provide depth and velocity of flow on each of the project sites
and adjacent areas.

In addition to the FLO-2D models, flood risks were reviewed visually through a field
investigation.

Proposed conditions models were not developed as a part of this analysis. No changes in sub-
watershed boundaries are proposed and the project will result in negligible impervious cover.
Therefore, the hydrologic analysis parameters are the same for existing and proposed site
conditions, and post-development peak flow rates on the project site are assumed to mimic
existing conditions.
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5.3 Model Results
The results of our FLO-2D models for all three sites are summarized in Table 5-1, below.

TABLE 5-1
FLO-2D Model Results
Site
Results .
Tumbleweed Rabbitbrush Chaparral
Typical Velocities (fps) 0-3 0-2 0-2
Typical Depths (in) 0-18 0-9 0-18
Maximum Velocity (fps) 6 6 15
Maximum Depth (in) 48 96 60

Based on our site investigation, flow in the defined channels of the Rabbitbrush site could reach
depths in excess of 8-feet, and flow in the defined channels of the Chaparral site could reach
depths in excess of 10-feet. Depth and velocity in the defined channels are expected to exceed
those shown in the FLO-2D results.

5.4 Risk Management
At all three AVEP Solar sites, larger storm events will likely result in erosion and the need for

repairs and maintenance. This potential is greater during less frequent storm events, during
which erosion could be significant. Larger storms have increased depth and velocity of flow.

Risks during storms include:

General scour or deposition (long term lowering or raising of the surface)
Pier scour

Redirected flow paths

Erosion or blockages at fences

Flash flooding

X X X X X

These risks can be addressed through various measures, and with risk management measures
in place are not anticipated to cause changes to flood risk downstream of the project site.

There are well defined drainage channels on the Rabbitbrush and Chaparral sites, though site
drainage is predominantly characterized by shallow sheet flow conditions. The areas of
channelized flow primarily appear to be deep, stable channels that formed in steeper portions of
the site and disperse to shallow sheet flow when land slopes decrease. There are also defined
channels within the flatter portions of the site that have a higher risk of shifting alignment.
Based on the results of the FLO-2D analysis, solar development within the defined channels
and in the steeper bands of terrain would have much higher risk of erosion due to the higher
flow depths and velocities. During final design, we recommend that these areas be avoided if
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possible, and if not avoided that channel modeling be performed to define the depths and
velocities more precisely and to determine necessary protective measures.
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LEGEND

1

Tumbleweed Solar Site

r------.

]
1 Flo2d Study Boundary

Max Velocity (fps)

0.00-0.49 fps
0.50-0.99 fps
1.00-1.49 fps

150-1.99 fps

2.00-2.99 fps
3.00-3.99 fps
4.00-4.99 fps

5.00-5.99 fps

6.00-17.00 fps

Rosamond Blvd

120th St W

CIVIL ENGINEERING

FLO-2D MODEL DATE: 2017-03-14 JOB NO: 1019-0140
CONSTRUCTION ANAGEENT AVEP SOLAR PROJECT PRELIMINARY DRAINAGE STUDY MAP DOC: FLO2D RESULTS
L/ILE:'\T'Gm;ZAL ENGINEERING CREATED BY: MB
PUBLIC WORKS ADMINISTRATION DATE: OCTOBER 07, 2019
TUMBLEWEED SOLAR SITE EXHIBIT NOTES:
1inch = 5,000 Feet WALLACE GROUP DID
O SR T s e T OFFSITE FLO-2D MAXIMUM VELOCITY NOT PERFORM SURVEY

T 805544-4011 F 805 544-4294

0 5000 EXISTING CONDITIONS, 100-YEAR FLOWS BASE MAPBY ESRI.












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































